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Abstract

A sampling technique for estimating the Bize of adult
mosquito populations in vegetation was developed.
Regression analysis was used to obtain absolute density
estimates from sweep net.

Diurnal population size estimates of Louisiana riceland
mosquitoes were made on a 3 5.6-square km site 5 km south of
Kaplan, LA.

Four mosquito species were present: Psorophora

columbiae, Anopheles quadrimaculatus, An. crucians and Culex
salinarius.

Mosquito species were highly stratified in

their distribution.

Psorophora columbiae was primarily

observed in pastures with livestock and in rice fields.
Both Anophelines were found only in structures.
salinarius did not exhibit habitat preference.

Culex
Anopheles

quadrimaculatus exhibited 51% gonotrophic dissociation in
the winter months.

Anopheles crucians overwintered in

fallow rice fields.

Nocturnal populations did not demonstrate the
stratification displayed diurnally.

Culicine species

responded to moon phase in contrast to Anopheline species.
Large captures of all 4 species were observed in livestock
occupied structures.

Anopheline mean trap catch was

determined to be a function of distance from the barn.
iv

The effect of environmental parameters on Anopheline
physiology was determined.

Temperature, photoperiod and

humidity each had direct effects on survivorship for both
species.
species.

Survivorship curves were developed for both

Chapter 1

Comparison of Sampling Techniques for Adult Mosquitoes
(Diptera:Culicidae) and Other Nematocera in Vegetation

This chapter is written in the style employed by the Journal
of Entomological Science.
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Abstract

Populations of adult mosquitoes and other nematocerous
flies <body length >2mm) were trapped in pastures using a
sweep net, D-vac backpack aspirator and 0.1m2 area sampler.
Captures from each method at each absolute density were
compared via linear regression techniques.

Empirical

equations were developed to estimate the absolute mosquito
density.

Sweep nets displayed higher r2 values and lower

coefficients of variation than the D-vac.
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Introduction

A reliable method of population estimation is critical
in ecological population studies as well as in pestmanagement programs.

Southwood (1978) provided a general

discussion of the sampling methodologies utilized in the
study of insects.

Attempts have been made in field-crop

systems to relate population estimates obtained via various
sampling techniques to absolute population densities.
Hillhouse and Pitre (1974) determined the relationship of
insect density on individual soybean plants and in sweep net
samples of these plants.

Fleischer et a l . (1982) obtained

accurate potato leafhopper (Empoasca fabae (Harris))
densities in alfalfa on a per unit area basis using sweep
nets.

Marston et al.

(1982) estimated soybean arthropod

populations using drop cages, sweep nets and a D-vac
backpack aspirator (Dietrich 1961).

Ecological studies of insect vectors of disease
pathogens depend heavily on adequate sampling of the
population.

Sampling of these populations often takes two

forms: passive,

in which insects are sampled by various

stationary traps; and active, where the investigator must
manually search and capture the insects within a given
habitat.

Adult mosquito populations are often passively

sampled using attractive traps

(i.e.. New Jersey, CDC
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miniature, Fay-Prince), commonly baited with live animals or
dry ice.

Non-attractant, passive devices are represented by

Malaise traps, sticky traps (Service 1976) and electrically
powered suction traps (Bidlingmayer 1961).

Truck traps

(Bidlingmayer 1964) provide a means of active sampling.
Service (1977) and Bidlingmayer (1967)

reviewed sampling

techniques for adult mosquito populations, with the
conclusion that suction traps are probably the least biased
passive method for sampling these populations.

Truck traps

were considered to be the least biased active sampling
technique.

Since adult mosquito species common to the Louisiana
rice-cattle agroecosystem are active during nocturnal or
crepuscular periods, development of a sampling methodology
for resting diurnal populations was necessary prior to
studying their bionomics.

While individuals occupying some

natural or artificial structure (i.e., tree holes,
buildings) may easily be sampled on a per area basis using
an aspirator,

it is more difficult to sample individuals in

open areas such

as pastures and rice fields.

To complicate

matters, Service (1971) reported that these mosquito
populations may exist in patchy distributions.

Absolute

densities of larval, rice-field mosquito populations have
been compared with standard larval dipper counts (Stewart
and Schaefer 1983, Andis et al. 1983), but a paucity of data
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exist on similar relationships involving adult mosquitoes.
Suction and truck traps are not feasible in these areas as
they effectively sample only active populations.

This paper

reports on experiments conducted to develop an accurate and
feasible method of estimating these inactive adult mosquito
populations in Louisiana.

Materials and Methods

The study was conducted in active and vacant livestock
pastures located near rice fields at the Louisiana State
University Agricultural Experiment Station 'Ben Hur'
near Baton Rouge,

farm

LA, and in active rice fields and

livestock pastures south of Kaplan LA.

Sampling occurred

in the summer of 1988 and the spring of 1989.

Two distinct

types of vegetation were sampled and analyzed independently:
grass height of < 12 cm (termed 'short') and of > 12 cm
(termed 'tall').

No sampling took place within 20 m of any

livestock that was present.

Three sampling methods were

evaluated: an area sampling device, a 35.5 cm dia. sweep net
and a D-vac gasoline-powered backpack-aspirator
1961).

(Dietrich

Absolute adult density was determined by an area

sampler consisting of a polyvinyl chloride pipe (1 m x 0.32
m dia., area = 0.1 m z) with one end covered with nylon mesh
and a side hole of 0.125 m2 covered with a cotton sleeve to
facilitate access to the interior of the pipe.

Sampling was
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accomplished by placing the open end of the area sampler
onto the ground and removing the trapped insects using a
hand-held battery-powered aspirator via the cotton sleeve.
D-vac and sweep net samples were taken over a 5 m transect
near the area sampler at the rate of 1 net transect/ 1 D-vac
transect/ 3 area samples.

On several occasions the time

required for each sampling method was also taken as an
indicator of the ease of each sampling method.

All insects

captured were stored on dry ice and returned to the
laboratory for identification.

The number of mosquitoes as

well as the number of other nematocerous flies with a body
length of > 2 mm in each sample were determined.

These data

were subjected to a weighted linear regression (SAS 1987)
using the model
y, - l/w,B0 + l/w,B,X
where y ; = number of mosquitoes or Nematocera
in net or D-vac transect
w t = the number of samples at a given absolute density
B0 = intercept of regression line on vertical axis
B1 = slope of

regression line

X

density per 0.1m2 area

= absolute

sample.

This analytical method alleviated a problem of potentially
disparate variances

about the mean absolute densities.

As

it was desired only to build an empirical model to predict
absolute density from net or D-vac data in a particular
grass height,

no tests to compare the beta parameters among
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the methods were carried out.
conducted to

However, a t-test was

determine if these parameters significantly

differed from zero.

Results and Discussion

Populations of the dark, rice-field mosquito,
Psorophora columbiae (Dyar and Knab), the southern house
mosquito, Culex quinquefasciatus

(Say) and Aedes vexans

Meigen were observed at absolute densities ranging from 0 to
1.66 individuals/ 0.1 m2 over the course of the experiment.
Population densities ranging from 0.0 to 3.67 individuals/
0.1 m2 of Nematocera with a body length of greater than 2 mm
were also analyzed.

Representative families of Nematocera

collected included Tipulidae, Chironomidae and Bibionidae in
addition to Culicidae.

The results of linear regression analysis on these data
are presented in Table 1.
significant

In short vegetation, a

(p=0.02, r2=0.80)

linear relationship was

observed when regressing mosquito net catch on absolute
density.

The relationship between D-vac catch and absolute

mosquito density in short vegetation was not significant
(p«0.10, r2=0.66).
vegetation,
significant

For total Nematocera in short

both the net and D-vac transects were
(p=0.01) linear functions of absolute density.
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The r2 value obtained for net samples was 0.91, vs 0.71 for
D-vac samples,

Indicating a better fit for the net data.

The analysis for mosquitoes in tall vegetation produced
significant regressions for both net (p-0.01) and D-vac
(p=0.02).

R2 values for net and D-vac were 0.91 and 0.86,

respectively.
(p-0.01)

Net and D-vac transects were also significant

for Nematocera resting in tall vegetation, with

respective r2 values of 0.97 and 0.88.

confidence intervals for density estimates obtained
using these equations can be obtained by the following
formula

y ± tSv|x{l+ 1/n + [ (Xj — x)/(n-l)S2 x]}1/2
where
y

= the estimate of density obtained from the
regression

t

= Student's t value with n-2 df at the l-a/2
level

Sy|K = mean square error for the regression
n

= number of transects completed

Xj

= number in ith transect

x

= mean number in all transects

S2„ = variance among transects
as discussed by Kleinbaum et al.

(1986).

Results of a Scheffe's mean separation procedure
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performed on the mean times required for each sample
following the SAS general linear models procedure (SAS 1987)
indicated highly significant differences in the time
required for

each method.

A mean squared error term of

922.74 with 57 degrees of freedom vs. a mean squared

term of

44349.96 with 2 degrees of freedom for the sampling methods
led to a highly significant (p< 0.01) F value of 48.1.

Net

catches took significantly less time than D-vac catches, and
both methods were faster than area sampling.

Figure 1 graphically shows the results of comparison of
the coefficient of variation (C. V.)

for sweep net and D-vac

samples at known mosquito and Nematocera densities in short
vegetation.

Figure 2 shows similar results for tall

vegetation.

On both graphs,

it can be seen that the C.V.'s

for the net transects are less than those for the D-vac
transects,

indicating that the sweep net is the more precise

sampling tool.

This is supported by the fact that sweep net

samples are much more rapidly gathered and thus a more can
be taken in a fixed sampling period.

In practice, the sweep

net approach is much more mechanically reliable than a D-vac
aspirator and also has the advantage of only requiring one
operator.

These results are similar to those obtained by other
researchers working in different cropping systems.

Rudd and
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Jensen (1977) concluded that sweep net samples were highly
accurate and efficient in estimating population densities of
insects in soybeans, especially when these densities were
low.

Fleischer et al.

(1982) came to similar conclusions

regarding alfalfa insects.

Marsten et al.

(1982) pointed

out that sweep nets are 'quick and e a s y ’ to operate, but can
yield highly variable results among individual sweepers.
They also indicated that sweepers can be 'calibrated* to
standardize results.

Callahan et al.

(1966)

stated that

sweep net and D-vac sampling of alfalfa were statistically
identical and noted that the D-vac samples required
considerably more effort than the sweep net.

In conclusion,

it is possible to accurately predict

absolute density per unit area of Nematocerous Diptera in
pastures,

including disease vectoring culicids, from net or

D-vac samples.

Although the rz values obtained for each

technique were similar, the lower coefficient of variation
obtained for net samples and the less field time involved
makes the 5m sweep net transect a viable sampling method for
these insect populations.
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Table l.

Intercepts, slopes, R2, p values and mean-square

error (MSE) term and associated degrees of freedom (df) for
regression of net and D-vac catches on absolute density for
adult mosquitoes and Nematocera in vegetation.

Asterisk (*)

next to an intercept value dictates that the value is not
significantly (p<0.05) different than 0.

Intercept

Slope

R2

p

MSE

df

Short Vegetation
Mosquitoes
Net

0.31*

1.67

0.80

0.02

0.35

4

D-vac

0.17*

1.89

0.66

0.10

1.03

3

Net

0.80

1.94

0.91

0.01

0.56

10

D-vac

1.30*

2.18

0.71

0.01

2.80

10

1.17

0.95

0.01

0.04

4

3.23

0.86

0.02

0.94

3

0.39*

2.38

0.97

0.01

0.29

10

D-vac -0.20*

2.64

0.88

0.01

1.54

10

Nematocera

Tall Vegetation
Mosquitoes
Net

0.53

D-vac -0.25*
Nematocera
Net

Appendix

Raw data for this chapter is on file at the LSU Department
of Entomology.
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Figure 1. Plot of coefficients of variation (C.V.) obtained
for net and D-vac samples vs. absolute density for
mosquitoes and Nematocera in short vegetation.
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Figure 2. Plot of coefficients of variation (C.V.) obtained
for net and D-vac samples vs. absolute density for
mosquitoes and Nematocera in tall vegetation.
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Chapter 2

Diurnal Distribution of Louisiana Riceland
Mosquito Populations

This

chapter

is

written

in

the

Environmental Entomology.
19

style

employed

by
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Abstract

A stratified sampling plan was used to estimate the
diurnal distribution of adult Psorophora columbiae,
Anopheles quadrimaculatus, An. crucians and Culex salinarius
in a 35.6 square km riceland area south of Kaplan, Louisiana
from June 1987 through May 1989.

Psorophora columbiae was

most frequently observed in livestock occupied pastures, and
to a lesser extent in rice fields.

Anopheles

quadrimaculatus was limited to barns, primarily those with
livestock.

Females in later gonotrophic stages were

restricted to closed rafters and ceilings, whereas earlier
stages were also found on walls and open rafters.

Fifty-one

percent of the overwintering female An. quadrimaculatus
exhibited gonotrophic dissociation.

Anopheles crucians was

distributed in a similar manner in the summer months;
however,

in the winter months the population shifted to an

overwintering phase as nulliparous non-blood fed females in
rice fields.

Culex salinarius was present in the area, but

showed no preference among strata.
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Introduction

The rice-cattle agroecosystem provides a diverse
variety of habitats that support populations of several
mosquito species.

Psorophora columbiae (Dyar and Knab) has

long been considered the primary floodwater pest species
(Horsfall 1942).

However, other species, primarily

Anopheles quadrimaculatus Say and An. crucians Wied., often
exhibit substantial populations in rice growing areas
throughout the southeastern United States (Barber & Hayne
1924, Horsfall 1942).
al.

Chambers et al.

(1979), and Meek et

(1983) observed that Anopheles populations were second

only to Ps. columbiae in larval mosquito surveys from
Louisiana rice fields.

Culex salinarius (Coq.) is also a

species commonly observed in these areas (Chambers et al.
1979).

Studies on the bionomics of riceland mosquito species
have concentrated on the immature stages.

Andis & Meek

(1984) discussed the larval mosquito population density in
south Louisiana rice fields.

Olson & Meek (1980) determined

Ps. columbiae egg distribution in Texas rice fields.
Williams et al.

(1983) considered population density of the

immature stages of Ps. columbiae in pastures.

Hoick et al.

(1988) discussed the distribution of larval populations in
crawfish ponds and irrigation canals.

McLaughlin et al.

(1987)

reported on the distribution of larval Anopheles in

southwestern Louisiana rice fields.

Stark & Meisch (1984)

determined the age structure of larval mosquito populations
in Arkansas rice fields.

The resting site selection of riceland mosquito adults
in the southern United States is not well documented.
Matthes (1935) discussed the seasonal distribution of larval
and adult Anopheles in Texas.

Zukel (1949) reported that in

Georgia, An. quadrimaculatus and An. crucians adults
overwinter primarily in hollow trees.

Hinman & Hurlbut

(1940) discussed the overwintering of An. guadrimaculatus in
Tennessee.

Caves were considered primary overwintering

locations for blood-fed females.

The study described herein reports on the seasonal
distribution of adult mosquitoes in a rice-cattle
agroecosystem in southern Louisiana, emphasizing resting
habitat preference,

population size estimates were made for

Ps. columbiae, An. quadrimaculatus, An. crucians and Cx.
salinarius. In addition, the physiological status of
Anopheline adult females is discussed by season and
location.
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Materials and Methods

A stratified sampling plan, as presented by Cochran
(1977), was conducted in a 35.6-square km site south of
Kaplan in Vermilion Parish, LA.

The site had a sufficient

network of roads affording access to all locations, and
contained no clustered human settlements.

The rural study

site provided a variety of agricultural croplands,
livestock.

including

Strata sampled as well as the size of each

individual stratum are provided in Table 1.
divided into two categories:

Strata were

1) structures (man-made plus

tree holes) and 2) field areas.

Structures included barns

with a floor area of > 30 square meters both with and
without livestock present; small outbuildings with a floor
area of < 30 square meters, garbage dumpsters, culvert
interiors, bridge undersides and tree holes.

Barns and

small outbuildings were further subdivided into substrata
consisting of walls and ceilings.

Barns also possessed

strata consisting of closed and open rafters, the former
being entirely enclosed and the latter having one side
exposed to the exterior environment.

Field areas also exhibited a variety of habitats.
These included pastures with and without livestock, rice
fields, drainage ditches and windbreaks.

Windbreaks were

defined as woodlands as well as tree and brush lines along

the perimeter of fields.
through Hay,

1989.

Sampling occurred from June,

1986

Between 25 to 60 samples were collected

per substrata per month during the 2-year study.

The sampling methodology employed for structural
interiors involved battery-powered aspiration of random o.l
mz samples from each stratum.
with the aspirator.

Tree holes were also sampled

For bridges, a J-shaped polyvinyl

chloride pipe extension was fitted to the aspirator to
facilitate access to the underside.

Field areas, with the

exception of windbreaks, were sampled via a 5 meter sweep
net transect, with the resulting catch being converted to an
absolute density estimate using the regression equations
previously developed (Chapter 1).

Sweep nets as well as

visual inspection and landing-rate counts were employed in
windbreaks.

Data collected each month were extrapolated to cover
the entire strata.

Cochran (1977) provided empirical

equations ideally suited to this purpose.

For structural

strata, the mean sample density and variance were directly
put into the equations.

For field strata, the mean square-

meter estimate from the appropriate Chapter 1 equation was
calculated for each sample.

The mean of all estimates and

the associated variance for each strata was then utilized to
estimate the population mean and standard deviation for each
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species in each stratum as well as the 3 5.6-square km study
location utilizing Cochran's (1977) method.

Horsfall

(1955) reported that larval populations of the

Anopheline species as well as Cx. salinarius may be present
during the winter months in some southern states.

Thus,

it

was of interest to determine whether larval populations
occurred in the winter months of November through March.

A

standard larval dipper was employed at the rate of 100 dips
per month in each of the following strata:
fields,

flooded rice

flooded pastures with and without livestock and

roadside ditches.

In addition, visual inspection of flooded

areas for larvae was conducted.

Adult Anophelines collected throughout the sampling
period were dissected to determine blood-meal status and
gonotrophic stage using the method of Detinova (1962).
These data were also subjected to extrapolation and the
total population of each age in each stratum was calculated.

Results

Over 15,000 aspirator and sweep net samples were taken
among all strata during the 24-month sampling period.
Populations of 4 mosquito species were detected: Ps.
columbiae, An. guacfrimaculatus, An. crucians and Cx.
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salinarius.
££. columbiae
Psorophora columbiae was the dominant mosquito species
in the sampling area during the months of April through
November, 1987.

Population estimates for the 3 5.6-square km

area along with the standard deviation are presented in
Figure la.

Populations of this species were detected from

the time of initial sampling in June through November of
1987, with a population estimate of 74 million adults
occurring in June and an estimate of 63 million in October
1987.

In 1988, individuals were observed from April through

November, with the greater estimates occurring from June
through November.

A population estimate of 3 million in

January 1989 was also noted.

Estimates of Ps. columbiae

adult populations were not evenly distributed among strata.
Figure lb illustrates the distribution of the Ps. columbiae
individuals collected.

Adults were found primarily in

livestock-occupied pastures.

Rice fields and ditches were

also occupied upon occasion by adult Ps. columbiae.

Sex

ratios observed for Ps. columbiae indicated that females
generally outnumbered males at rates of between 2:1 to 14:1.

An- quadrimaculatus
Population density estimates and associated standard
deviations for adult An. guadrimaculatus can be seen in
Figure 2a.

In 1987, the largest collections occurred in
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August and October, with estimates of 1.6 million and 1.4
million, respectively.

Population estimates between 12,000

to 37,000 individuals were obtained in the winter months of
December,

1987 through March, 1988.

Population estimates

increased in the spring and summer of 1988, peaking at 12
million in August.

Population estimates for the winter

months of December,

1988 through March, 1989 ranged between

24,000 and 57,000 with the exception of January,
an estimate of 161,000 was observed.

1989, when

Larval sampling in the

winter months yielded no individuals.

Anopheles quadrimaculatus distribution among strata is
presented in Figure 2b.

Structures, primarily those

containing livestock, were the only strata in which
individuals were observed.

In barns with livestock present,

95% of the female An. quadrimaculatus were found to have fed
on blood whereas, in small outbuildings and barns without
livestock present less than 4% of the females had obtained
blood meals.

Distribution of females within livestock-

occupied structures is illustrated in Figure 3.

Nulliparous

females, as well as those in stages I and II tended to be
found on walls, ceilings and closed or open rafters, whereas
older individuals were found primarily on the ceiling and
around closed rafters.

In the winter months, 51% of the

female population observed were bloodfed, contained a large
fat body and were nulliparous or in stage I, indicating
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gonotrophic dissociation was occurring in that portion of
the population.
also observed.

Sex ratios of An. quadrimaculatus were
During the months of April through October

or November sex ratios ranged from 11:1 to 2:1 (F:M), but
only females were collected during the winters of 1987-1988
and 1988-1989.

An. crucians

Anopheles crucians population estimates are shown in
Figure 4a.

The highest population estimates for the summer

months of 1987 were obtained in July and August.

The

population estimates steadily decreased in the autumn months
of 1987, but increased to 5.4 million for the winter months.
In April of 1988, the population estimate again was low at
15,000 mosquitoes but increased rapidly through the summer
months before decreasing in the fall.

Large population

estimates were again observed in the winter of 1988-1989
before falling off in the spring.

Standard deviations

obtained were similar to those obtained for similar-sized
populations of the previously discussed species.

No larval

individuals of An. crucians were collected during the winter
months.

In contrast to An. quadrimaculatus,

An. crucians

demonstrated a seasonally based distribution, shown in
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Figure 4b.

In the summer months it was primarily

distributed in livestock occupied structures but in the
winter collections were from fallow rice fields to the
exclusion of structures before switching back in the spring.
In the summer months 94% of the female bloodfed An. crucians
were distributed in livestock occupied barns.

Figure 5

shows the distribution of females within livestock occupied
barns.

Walls contained only nulliparous individuals or

stages 1 through III, whereas ceilings and closed rafters
contained all stages.

With respect to the open rafter

stratum being entirely stage I it should be noted that this
observation was based on only 1 collection.

Winter An.

crucians populations detected in rice fields consisted
exclusively of non-bloodfed nulliparous adult females.

Sex

ratio estimates for An. crucians were similar seasonally to
those obtained for An. quadrimaculatus.

Ok - salinarius
The estimated monthly population and standard deviation
of Cx. salinarius are provided in Figure 6a.
obtained were highly variable among months.
seasonal changes were noted.

Estimates
Ho consistent

Figure 6b provides the

distribution among strata for Cx. salinarius.

In contrast

to the above mentioned species, no discernable distribution
among strata was noted.

In addition, no larval collections

were made during the winter months.

However, sex ratio
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estimates indicated that females generally outnumbered males
on the order of 2:1.

Discussion

This study is the is the result of the first active
sampling program designed to measure adult mosquito
population parameters in modern Louisiana ricelands.

It can

be inferred from Meek et a l . (1983) that populations in
excess of 1 million individuals can be produced per hectare
of rice field per season.
natural mortality factors
al*

This is somewhat tempered by
(Andis & Meek 1985).

Williams et

(1983) reported populations of Ps. columbiae eggs in

permanent pastures as high as 500,000 eggs/ha.
(1988)

Focks et al.

described a model validation in which adult Ps.

columbiae population densities are largely based on light
trap counts.

Population estimates as high as 74 million Ps.

columbiae per 35.6-square km are somewhat misleading as this
species was restricted largely to livestock occupied
pastures, a stratum which composed ca. 18% of the total
area.

This represented a refinement of Horsfall's (1955)

description of Ps. columbiae diurnally occupying grassy
areas.

Population densities of

11 Ps. columbiae per square

meter in livestock occupied pastures were not unreasonable
(Chapter 1), with a sex ratio of 2:1 F:M.

The unseasonable

observance of an adult population in January of 1989 was
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notable.

Apparently, only a short period of cool weather

(mean dally high and low for Dec. 1988 was 10°C and 4°C) was
sufficient to condition some of the Ps. columbiae eggs to
hatch following flooding.

Several interesting observations were made relative to
An. quadrimaculatus.

Populations were restricted to

buildings, primarily those with livestock.

During peak

population periods each building housed ca. 300,000
individuals; in the winter months this fell to fewer than
100.

Although Gahan et al.

(1969) noted movement of An.

quadrimaculatus within livestock occupied structures, the
distribution of females based on gonotrophic stage has not
been reported.

One scenario describing female behavior

would be that upon completion of bloodfeeding, the mosquito
seeks out a resting site.

If this site is a closed rafter

or ceiling, then the female remains throughout ovarian
development.

Otherwise, the mosquito moves at some future

period from the wall or open rafters to the closed rafters
or ceiling to complete egg development.
were rarely observed,

As stage V females

it is hypothesized that as the

mosquito reaches this stage of egg development she leaves
the building to oviposit.

The exclusive use of buildings as

resting locations by An. quadrimaculatus is in contrast to
other published reports.

Natthes (193 5) reported bridge

undersides to be classic resting habitats near Houston TX.
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Hinman & Hurlbut (1940) reported caves as preferred
overwintering habitats in Alabama.

Barber fc Hayne (1924)

reported populations in woods (windbreaks) and tree holes as
well as buildings in Stuttgart, Arkansas.
comm.)

Meisch (pers.

indicated that windbreaks in Arkansas still serve as

primary resting sites.

The lack of detectable Louisiana An.

(pjadrimaculatus populations in these habitats is
interesting, but may be explained somewhat by the
subdivision of what is morphologically considered to be An.
guadrimaculatus into several sibling species based on
genetic techniques (Kaiser et al. 1986a & 1988b).

Different

species could exhibit different behaviors under similar
ecological conditions.

Genetic analysis of material from

the study location (Seawright pers. comm.)

indicates that

Species A of the An. quadrimaculatus group is the only
member present.

In Arkansas, Species B and C are present.

Perhaps these species form the exophilic component of the
An. quadrimaculatus population in this area.

Overwintering populations of An. quadrimaculatus
expressed gonotrophic dissociation as described by
Swellengrebel & de Buck (1938) in 51% of the overwintering
females.

Results obtained by Gallaway & Brust (1982) on An.

earlei Vargas in the laboratory indicated a rate of 100%
gonotrophic dissociation in overwintering females induced to
take a blood meal.

Washino (1970) reported a similar rate
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in An. freeborni Aitken in California.

Swellengrebel and de

Buck (1938) reported lower rates (ca. 30%) than the previous
authors in An. atroparvus van Thiel

(* 'shortwing' An.

maculipennis) populations in the Netherlands.

This lower

rate of bloodfeeding without subsequent egg development is
of significant epidemiological importance.

Populations with

partial rather than complete gonotrophic dissociation
require higher population densities to effectively vector
pathogens at the same rate as populations exhibiting
complete gonotrophic dissociation in the winter months.
Buildings were the primary diurnal resting location for
An. crucians in the warmer months, although Horsfall

(1955)

indicated that this species rarely enters buildings.

The

detection of An. crucians overwintering in fallow rice
fields was unexpected.

No larval population was detected

during the winter months,

in contrast to the observations of

Frohne and Hart (1949) in South Carolina.

Horsfall

(1955)

also stated that An. crucians overwinters as larvae.

The

bimodal annual population peaks observed for this species in
Louisiana support my findings.

Presumably, the fall female

population lays eggs which develop into a large adult
population which emerge and remain dormant and do not
bloodfeed until the following spring.

The declining

population densities over the winter months are indicative
of natural mortality occurring during this period.
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Culex salinarius, in contrast to the other 3 species,
was not predictable in its distribution, temporally or
spatially.

This may indicate that this species, while often

present in Louisiana riceland situations, does not depend on
the rice-cattle agroecosystem to maintain the population.

This study represents the first time that the bionomics
of all mosquito species occupying the Louisiana riceland
agroecosystem have been studied simultaneously.

The results

obtained could lead to new control strategies for these
pests.

Crawfish (ProcamJbarus clarkii Girard (Decapoda:

Cambaridae)) production in the study area accounts for over
50% of all land use from the months of October through May.
Crawfish ponds have been shown to be unusable by immature
mosquitoes as developmental sites (Hoick et al. 1988), and
the lack of vegetative cover discounts their use as resting
sites for adult mosquitoes.

It is possible that crawfish

production has had the unintended benefit of lowering
mosquito populations.

The segregation of Ps. columbiae into pastures with
livestock present makes it possible to selectively treat
these areas and still obtain good control.

Ultra low volume

insecticide treatment of pastures could be accomplished
aerially, or the vegetation could be treated for residual
control.

Several compounds now exist with labels for fly
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control inside buildings.

These may be utilized inside

livestock occupied structures for effective control of
Anopheline populations in the summer months.

Early spring

treatment of buildings with residual formulations may be
particularly effective against Anopheline populations
terminating their overwintering period.
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Table l.

Sizes of strata sampled, June 1987 near Kaplan,

Louisiana.
Bui l u m a s
Stratum

Size

Barn w/ livestock

10,340

Barn w/o livestock

11,156

Bridge undersides

2,400

Culverts

414

Garbage dumpster

12 0

Small outbuilding

1,637

Tree holes

150
total

26,217

Field Areas
Stratum

Size

Ditch

(m2)

9,600

Pasture w/ livestock

6,4 30,000

Pasture w/o

5,040,000

livestock

Rice

18,200,000

Windbreak

4,100,000

Crawfish*

1,820,000
total

* not sampled (see text)

35,600,000

Figure 1.

(a)Psorophora columbiae estimated population

density with S.D. and (b) distribution among strata, w/ L
with livestock, w/o L = without livestock.
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Figure 2.

(a) Anopheles quadrimaculatus estimated

population density and S.D. and (b) distribution among
strata,

w/ L = with livestock, w/o L = without livestock.
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Anoph&les quadrimavulatus estimated population

distribution inside livestock occupied buildings with
respect to gonotrophic stage as discussed by Detinova
(1962).
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Figure 4.

(a)

Anopheles crucians estimated population

density and S.D. and (b) distribution among strata,
w/ L = with livestock, w/o L = without livestock.
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Figure 5.

Anopheles crucians estimated population

distribution inside livestock occupied buildings with
respect to gonotrophic stage as discussed by Detinova
(1962).
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Figure 6 (a)

Culex salinarius estimated population density

and S.D. and (b) distribution among strata, w/ L * with
livestock, w/o L = without livestock.
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Chapter 3

Nocturnal Distribution of Louisiana
Riceland Mosquitoes

This chapter is written in the style employed by the
Journal of the American Mosquito Control Association.
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Abstract

Nocturnal riceland mosquito populations in southern
Louisiana were monitored using a series of CDC miniature
light-traps.

A mixed population of Anopheles

quadrimaculatus, An. crucians, Psorophora columbiae and
Culex salinarius adults were observed in a livestock
occupied barn.

Highly variable numbers of all 4 species

were trapped in areas away from livestock-occupied
buildings.

Species density at any given trap location was

not related to trap location, type of habitat surrounding
the trap or brush density near the trap.

Anopheline species

capture was not affected by moonlight, whereas trap catch of
Culicine species was lower on moonlit nights.

Mean

Anopheline trap catch was found to be a linear function of
trap distance from the barn, with higher catches at
locations farther from the barn.

No such function was

observed for either Culicine species.
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The Louisiana rice-cattle agroecosystem provides an
ideal environment for the maintenance of abundant mosquito
populations.

Species of particular importance include

Psorophora columbiae (Dyar and Knab), Anopheles
quadrimaculatus Say, An. crucians Wiedemann and Culex
salinarius Coq.

Chambers et al.

(1979) discussed the

general distribution of these species throughout the 3 major
rice growing regions of Louisiana.

Little information

exists, however, on the short-range distribution of these
species, particularly as adults.

Andis and Meek (1984)

discussed the larval distribution, while Williams and Meek
(1984) observed that egg deposition by Ps. columbiae
followed cattle movement in pastures.

Gahan et al.

(1969)

observed that adult An. qruadrimaculatus populations in the
rice growing region near Stuttgart, Arkansas were usually
found in buildings that house livestock or had livestock
nearby.

Adult Anopheles populations in the Louisiana

ricelands were found to be heavily concentrated in buildings
with livestock nearby during diurnal periods in the warm
months of the year; during the same period Ps. columbiae
adults were primarily distributed in pastures with livestock
in the immediate vicinity (Chapter 2).

The mosquito species occupying the Louisiana ricelands
are primarily active nocturnally or during crepuscular
periods.

Eyles and Bishop (1943) showed that the flight
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range of An. quadrimaculatus in Tennessee Is at least 2.5
miles over 6 days, and noted that flights over 1 km of open
water have been reported.

Horsfall

(1942) reported the

flight range of Ps. columbiae in Arkansas to be as much as
10 km.

Little published information exists concerning the

distribution of these species in relation to blood hosts and
larval habitats at night in typical Louisiana riceland
systems.

Such information would be of particular use to

control agencies who wish to control these populations by
efficient chemical application to areas where concentrated
populations exist.

This paper reports the short range

nocturnal dispersion of mosquito adults in a typical
Louisiana riceland agroecosystem, with an emphasis on
determining the relationship of species population density
to location of blood hosts and a suitable ovipositional
substrate

(i.e., pastures and rice fields).

Materials and Methods

The study was conducted in commercial fields located 10
km south of Kaplan, LA.

The study site (Fig. 1) consisted

of a 50 ha section of land, bordered on 2 sides by gravel
roads and by 4 m wide irrigation canals on the other 2
sides.

A plurality of the land (21.9 ha) was devoted to

rice production, with flooded crawfish fields (20.3 ha),
fallow fields (1.6 ha) and livestock pastures (6.3 ha) also
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present.

Livestock present included sheep (ca. 50), cattle

(ca. 5) and poultry (ca. 50).

Natural populations of

Fodentia and Lagomorpha (both Vertebrata: Mammalia) also
were observed in the study area and available as blood
hosts.

An open barn was situated near the middle of one

pasture, as was one machinery shed with no livestock
occupants.

Two sodium-vapor lamps were located exterior to

the machinery shed, and one sodium vapor lamp was located
exterior to a house in the northeast corner of the study
site.

No other artificial light sources were present.

The

area immediately adjacent to the study area proper consisted
primarily of crawfish fields, rice fields and fallow land.
Only the area to the northeast of the study site contained
pastures inhabited with livestock.

On each sampling night,

15 CDC miniature light-traps

(not baited with C02) , were placed at 2 50 m intervals on a 3
by 5 grid over the study area.

In addition,

3 traps were

placed along the pasture / crawfish-rice interface. Finally,
1 light-trap was placed in the rafters of each of the
outbuildings mentioned.
in June and August 1988.

Sampling occurred over five nights
No rain was noted

during the

nocturnal sampling period, however, on one occasion thunder
showers occurred shortly after sunrise.

Table 1 lists the

meteorological conditions for each sampling date.

On the

morning following each trapping night, the collection bags
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were placed on dry Ice and returned to the laboratory.

The

total number of adult mosquitoes captured in each trap was
counted and identified.

Females of each species captured

were dissected to determine bloodmeal status and gonotrophic
stage as discussed by Detinova (1962).

Mean catch for each species in each trap was
calculated, along with an associated standard deviation.
The percent of bloodfed females and females in each
gonotrophic stage was also calculated by trap location.
SAS general linear models

(GLM) procedure

The

(SAS 1987a) was

used to determine the relationship of trap catch to the
proximity of bloodmeal sources and ovipositional substrate
for each species.

A regression analysis was also used to

determine the relationship of mean trap catch as a function
of distance from any particular location.

Results and Discussion

Populations of all 4 major Louisiana riceland mosquito
species mentioned previously were collected during the
course of the experiment.

The mean catch of female An.

quadrimaculatus, An. crucians, Ps, columbiae and Cx.
salinarius along with the standard deviation of each mean
are given in Table 2.

For each species, trap catches from

within the livestock barn were 10 to 100 times higher than
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from traps exterior to it.

The observed standard deviations

obtained were very large, indicating a large amount of
variability exists in the nocturnal distribution of these
species.

The majority of females caught in each trap were nonbloodfed and nulliparous.

For An. quadrimaculatus, only 16%

of the females caught were bloodfed.

All of these

individuals were collected from within the livestock
occupied barn, with 1 individual in stage IV (Detinova
1962), 3 individuals in stage III, 16 individuals in stage
II and 33 individuals in stage I. Seven individuals were
recently bloodfed and nulliparous.

A total of 17% of the

female An. crucians captured were bloodfed.

Ninety-eight

percent of the bloodfed females were collected in the
livestock barn.

One individual was in stage V, 6 in stage

IV, 10 in stage III, 23 in stage II and 64 in stage I.
bloodfed female was nulliparous.

One

Psorophora columbiae

females collected exhibited a 19% bloodfed rate.

Over 99%

of the bloodfed females were collected inside the livestock
barn.

No stage V individuals were observed, whereas 4

individuals were in stage IV, 101 in stage III, 217 in stage
II and 313 in stage I.
noted.

Five nulliparous individuals were

Twenty-five percent of the Cx. salinarius females

collected were bloodfed, with 97% coming from the livestock
occupied barn.

No stage V females were collected, but 1
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stage IV, 8 stage III, 47 stage II, 50 stage I and 5
nulliparous individuals were observed.

The largest mean trap catch for females was observed in
the livestock barn.

However, direct comparison of light-

trap catches in which some traps were close to a C02 source
where others were not is not valid.

Carbon dioxide excites

mosquitoes and changes the trapping efficiency of a lighttrap when it is present (Bidlingmayer 1985).

Thus, trap

catches from within the barn were deleted from the data set
for further analysis.

The remaining data were subjected to

a SAS general linear models procedure (SAS 1987a) to
determine the effect of individual trap location, week
sampled, habitat surrounding the trap (rice, water, etc.)
and brush (+ or -) on the number of female mosquitoes
captured in any given trap, summarized in Table 3.
Individual trap location, habitat type surrounding the trap
nor brush density were found to be significant (p < 0.05)
for any of the mosquito species.

In addition, no

significant two or three way interactions were observed.

When trap catches for female mosquitoes were compared
by species among weeks, some significant differences were
elucidated.

Psorophora columbiae and Cx. salinarius catch

rates were higher on the 3 nights with either a <1/4 moon or
>70% cloud cover than on the others with nearly full moon

56
and <50% cloud cover.

For Ps. columbiae, a significant (p=

0.01) F was obtained with an associated MSE of 11.83 and 76
df.

For Cx. salinarius, a significant (p*0.01) F also was

observed with a MSE of 18.10.

Mean catch of either

Anopheles species was not related to week.

For An.

quadrimaculatus, a MSE of 0.996 led to a F value of 1.79,
which was determined to be non-significant (p=0.15).

Trap

catches of An. crucians did not significantly differ (p=
0.12) among weeks, with a MSE of 1.03.

In order to visualize the distribution of the observed
mosquito population over the study area, the SAS/GRAPH
G3GRID procedure was used to plot the mean trap catch (from
Table 2) for each species.

A spline interpolation was used

to provide intermediate points and smooth the curve (SAS
1987b).

Three-dimensional plots were then generated for

each species, with trap coordinates plotted on the X-Y plane
and mean trap catch on the Z axis.

Figure 2a consists of

the resultant plot for An. quadrimaculatus, Figure 2b for
An. crucians, Figure 2c for Ps. columbiae and Figure 2d for
Cx. salinarius.

For both Anophelines, a smooth curve was

produced, with a notable sunken area at the location of the
livestock occupied barn.

This suggested that the barn may

be serving as a 'sink' for populations of these species.
The observation of higher trap catches farther from the barn
was consistent over all sampling nights for both Anopheline
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species.

Plots for Ps. columbiae and Cx. salinarius

contained many fluctuations which could not be attributed to
any known source of variation and are indicative of the
variability of the trap catches.

It is possible that with

more sampling nights the plane may well flatten out and
indicate a totally random distribution of these Culicine
species.

A weighted linear regression with weight equal to the
number of nights/trap location was performed on the mean
female catch data for each species to test if trap catch was
a function of distance from the livestock occupied barn.
Once again, trap means from within the barn were deleted.
For An. quadrimaculatus, a highly significant (p=0.01)
linear relationship was observed.

Mean catch was found to

equal 0.274 plus 0.0011 times the distance (meters) of the
trap from the barn.

The r2 value obtained was 0.40.

Anopheles crucians female trap means were also significant
(p=0.03).

Mean catch was determined to equal 0.18 plus

0.0008 times the distance (meters) from the barn.
value of 0.31 was also noted.
large, these r2 values,
obtained,

A r2

Although not particularly

in conjunction with the p values

indicated that some portion of the variability

observed was a function of trap distance from the barn.
Further observation of Figures 2a and 2b suggest that some
of the variation may be due to small peaks and valleys in
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the data near the middle of the sampling area.

It should be

%

noted that neither Ps. columbiae (r *0.02) nor Cx.
salinarius (rz*0.02) exhibited significant regressions.

The sampling method employed, ie. CDC miniature lighttraps with no

co2 attractant, served as a satisfactory

indicator of overall mosquito population density in an area.
Service (1976) reports that the range of attraction for nonC02 baited CDC traps is quite short, possibly as low as 5 m.
Thus,

it is highly unlikely that any interference between

traps was encountered.

Bidlingmayer (1985) also notes that

catches made with these traps are affected by various
meteorological factors.

Fortunately, with the exception of

moon phase, all meteorological factors were reasonably
similar over the trapping nights (U. S. Dept, of Commerce
1988).

The lack of Anopheline response in this study to moon
phase is interesting.

Bidlingmayer (1985) reports on

several studies conducted using light traps in which catch
effectiveness was lower during full moon periods for Culex
and Aedes populations in Florida.

Ribbands

(1945) noted

that on moonlit nights An. funestus Giles tended to enter
buildings at greater rates than on non-moonlit nights.
These results comply with the observations of Bidlingmayer
(1964) on Ae. taeniorhynchus (Weid.) populations which were

more active on moonlit nights.

Horsfall

(194 3) observed An.

quadrimaculatus light trap catch responding inversely to
increasing moon phase in a 3-year study but made no note of
any large blood sources in relation to the trap site.

My

data indicated, however, that for Louisiana Anopheline
populations little or no increase or decrease in trap
efficiency was attributable to moon phase.

Populations of

Ps. columbiae and Cx. salinarius were present and respondent
to moon phase.

It is possible that the Anopheline response

is less distinct than the Culicine response and was not
observed with the sample size utilized.

Nocturnal populations of Louisiana riceland mosquitoes
appear to be somewhat variable in distribution.

With the

exception of large populations of all four species in
livestock occupied barns, few other predictable patterns
concerning adult mosquito distribution were observed.

This

is in stark contrast to the results obtained in Chapter 2
concerning diurnal adult mosquito populations in the same
area.

Diurnal populations of adult Anophelines were

endophilous, being concentrated inside livestock shelters.
Psorophora columbiae and Cx. salinarius populations were
primarily exophilous, with populations of the former
primarily in livestock occupied pastures and the latter in
rice fields and pastures.

Apparently during nocturnal

periods this natural habitat partitioning disappears and the

distribution of each species largely overlaps.

It should

also be noted that Ps. columbiae and Cx. salinarius were
collected in large numbers inside the livestock occupied
structure, a habitat they rarely employed during the diurnal
period (Chapter 2).

The observation of a somewhat significant linear
function with distance from the barn as the dependent
variable deserves further discussion.
assume that

co2

It is reasonable to

and other livestock produced odors from the

building were responsible for attracting the large mosquito
populations observed.

Gillies (1980) notes that in still

air, C02 tends to activate mosquito populations, but little
orientation toward the source is possible without wind
currents being present.

Apparently, the variable 5-10 km/hr

winds observed were adequate for this purpose.

Snow (1983)

discussed the range that cattle are attractive to female
mosquitoes.

Range of attraction was presented as a function

of host weight, with a maximum range in the data set
analyzed of ca 130m.

Theoretically,

large blood meal

sources may be detected at a range of 1km or more.

The data

presented previously lend credence to this theory, although
it is unknown whether C02 concentration or some other
emission is responsible for this long range orientation.

It appears that a significant proportion of all 4 pest
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mosquito populations entered the livestock occupied
building, presumably to obtain a blood meal.
management perspective,

From a pest-

it seems that an adequate control

approach toward these species might be to apply insecticide
treatments to livestock occupied structures.

Several

compounds are currently registered for this purpose.

In

addition, some method of treating livestock (back-rubber or
dust bag) might also be useful.

This might prove especially

effective if a non-repellent compound was employed.

The

current control strategy used in these areas of Louisiana
involves aerial and truck mounted ULV insecticide
applications over rice fields and pastures.

The cost-

effectiveness of treating a finite number of buildings vs. a
large open area deserves study.

While the entire population

will not be eliminated following a single treatment to each
of the buildings, repeated treatments over a season may
prove a highly effective control strategy.
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Table 1.

Meteorological conditions on sampling nights.

Date

Moon Phase

Cloud Cover(%)

Sunset*

Sunrise

9-10 June

1/4

50

7:01

4:59

16-17 June

3/4

75

7:05

5:00

23-24 June

Full

40

7:05

5:02

2-3 August

Full

0

6:54

5:19

New

0

6:42

5:28

16-17 August

*

All times in Eastern Standard Time
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Table 2.

Mean catch + standard deviation by trap for An.

quadrimaculatus (AQ), An. crucians (AC), Ps. columbiae (PC)
and Cx. salinarius (CS) females.

See Fig. 1 for trap

locations. BL = barn w/livestock; BNL - barn w/o livestock.

Trap

N

Al

5

0.6+0.9

1.0+1.2

1. 3+1.0

1.4+0.9

A2

4

0.3+0.5

0.8+0.5

2.0+2.3

0.4+0.5

A3

5

0.8+0.8

0.6+0.9

1.0+1.2

0.4+0.5

B1

4

0.2+0.4

0.5+0.6

1.0+1.4

2.3+3.9

B2

4

1.3+0.6

0. 8+1.0

1.5+0.7

2.0+2.4

B3

5

0.8+1.0

1.8+1.5

5.2+8.4

0.0+0.0

Cl

4

0.8+1.0

1.0+1.2

1.3+1.5

1.3+1.9

C2

5

1.0+1.7

1.5+1.7

2.3+2.6

6.8+9.0

C3

5

0.4+0.5

0.8+0.8

1.0+0.8

0.4+0.5

D1

4

1.0+1.4

1.0+0.8

0.5+0.6

2.2+2.9

D2

5

0.7+1.2

1. 2+ 1.3

1.3+1.3

0.4+0.5

D3

4

1.3+0.5

0 .7+ 1.2

4.6+3.3

3.0± 3 .0

El

2

0.4+0.4

0 .7+0.5

1.4+0.9

0.0+0.0

E2

2

2.5+3.5

2.0±1.4

0.5±0.7

0.0+0.0

E3

4

1.5+1.0

1.8±1.0

1.3+1.9

0.0+0.0

XI

5

0.5+0.6

0.4+0.5

6.3+7.4

7.2+12.3

X2

4

0.0+0.0

0.5+1.0

0.5+0.6

1.0+1.7

X3

3

1.0+1.0

1.0+1.4

3.7+6.4

3.3 + 4. 2

BL

4

BNL

4

AQ

AC

PC

CS

95.8+41.2 137.0+67.8 803.0+613.0 67.0±28.8
1.3+1.0

1.7+0.9

3.3+0.9

0.0+0.0
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Table 3.

Mean square error (MSE), F values and p values

obtained for An. quadrimaculatus (AQ), An. crucians (AC),
Ps. columbiaB (PC) and Cx. salinarius (CS) regarding
individual trap location, type of surrounding habitat, and
brush density.

Trap
Location
(61 df)

AQ

AC

PC

CS

Habitat
Type
(77 df)

Brush
Density
(79 df)

MSE

1.01

0.14

1.07

F

1.02

1.08

0.73

P

0.45

0.36

0.40

MSE

1.10

0.08

1.10

F

0.69

0.73

0.61

P

0.79

0.52

0.44

MSE

10.98

0.67

12.61

F

1.47

0.97

1. 18

P

0. 15

0. 52

0.19

MSE

15.85

0. 14

20. 54

F

1.33

1.30

1.85

P

0.22

0.28

0.18
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Figure 1.

Schematic map of study site near Kaplan LA.

PL =

pasture w/ livestock; PNL = pasture w/o livestock; BL = barn
v/ livestock; BNL ■* barn w/o livestock.

250m

Rice
PL

Rice

BNL
Rice
Open Water

BL

PNL

Levee

Ditch

Road

Tree Line

Light Trap
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Figure 2. Three dimensional plots of (a) An.
quadrimaculatus; (b) An. crucians;
Cx. salinarius.

(c) Ps. columbiae and (d)

NS = north - south; EW = east - west; BL =

barn w/ livestock.

BL

C

BL

Chapter 4

Daily Survival Rates of Anopheles quadrimaculatus
and An. crucians at Various Temperature, Photoperiod
and Humidity Regimes

This chapter is written in the style employed by Environmental
Entomology.
71
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Abstract

The role of temperature (10°C, 20°c and 30°C),
photoperiod (14:10 L:D,

12:12 L:D and 10:14 L:D) and

humidity (<70% or >80%) on the daily survival rate of adult
Anopheles quadrimaculatus and An. crucians were determined.
Regression lines are provided for each treatment
combination.

All three factors were involved directly and

interactively in the daily survival rate of both species.
In addition, 2 5-3 0% gonotrophic discordance was observed for
both species.
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Introduction

Daily survival rate is a numerical value placed on a
population that states the probability of an individual in
the population surviving to a given day.

Determination of

the daily survival rate of individuals in adult mosquito
populations is of critical importance to individuals
responsible for managing pest and/or vector populations,
especially when the population is involved in disease
transmission.

If environmental conditions exist that

indicate a population will not survive in sufficient numbers
to allow disease transmission to continue, then valuable
time and resources need not be wasted on controlling such a
population.

The daily survival rate of an animal population is
determined by many factors, both biotic (i.e., predation)
and abiotic (i.e., climate) as discussed by Solomon (1949)
and Andrewartha

(1971).

Temperature and humidity have been

shown to have major roles in determining the daily survival
rate of invertebrate populations (Clarke 1967, Clark et al.
1967).

In addition, photoperiod has been shown to exercise

considerable influence on the physiological responses of
mosquitoes and other insects to environmental parameters
(Vinogradova 1960).

Three mosquito species, Psorophora columbiae (Dyar and
Knab), Anopheles quadrimaculatus Say and An. crucians Wied.
were the primary pest mosquitoes of the rice-cattle
agroecosystem of southern Louisiana (Chapters 2 and 3)
Focks et al.

(1988) described a model for Ps. columbiae

populations in southern Louisiana based, in part, on daily
survival rate data.

Similar types of data for adults of

either Anopheline species do not exist.

This paper reports

on the daily survival rate of An. quadrimaculatus and An.
crucians adults with respect to temperature, humidity and
photoperiod.

In addition,

information on the frequency at

which blood meals are taken is provided.

Materials and Methods

Two strains of An. quadrimaculatus were used in the
study.

The first, hereafter referred to as the LAB strain,

was obtained from a colony maintained at the USDA Insects
Affecting Man and Animals laboratory at Gainesville,
Florida.

The second, referred to as the WILD strain, was

reared from An. quadrimaculatus adults collected in
Vermilion Parish, Louisiana during the summer of 1988 and
the spring of 1989.

A sample of wild An. quadrimaculatus

were subjected to genetic analysis to determine their
relationship to other populations as discussed by Lanzaro et
al.

(1988).

Species A was the only member of the complex
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present.

Anopheles crucians used in the study were also

reared from adults collected in Vermilion Parish.

The

colonies were maintained in a windowless room at 25° C, and
a 14 hr light: 2 hr crepuscular : 8 hr dark(14:2:8)
photoperiod.

A 10 percent sucrose solution and water soaked

raisins were available at all times as a carbohydrate
source.

Blood meals were provided from anesthetized guinea

pigs offered every 3rd or 4th day.

Larvae were maintained

in the same room in enamel pans filled with tap water, total
hardness increased to 150 ppm with CaCl2 and Instant Ocean115
salt water mix.

Larvae were fed with ground Tetra Min<R>

tropical fish food.

A 2X3X3 factorial treatment design was utilized.
Factors used were humidity (<70% or >80%), temperature (high
(30°C) , medium(20°C) or low(10°C)) and photoperiod
(long(14:10), equal

(12:12) and short(10:14)).

Two

replications of 20-30 newly emerged adult mosquitoes (sex
ratio ca. 1:1) were exposed to each treatment combination in
a 2 liter cardboard ice cream container until death.
Raisins were supplied as a carbohydrate source, with blood
meals (bared human forearm) being offered every second or
third day.

Daily survival rate in each carton and blood

meal acceptance were recorded.

Data collected were analyzed using two methods.

A
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linear regression was performed for each treatment
combination to determine the relationship of percent daily
survival rate as a function of the number of days and days
squared that a carton had been exposed to a treatment.

The

significance of the days squared variable indicated whether
the daily survival rate curve was linear or quadratic.

The

second method of analysis involved the use of an analysis of
variance on the daily survival rate data at 2, 4, 6, 8, 10
and 20 days post-exposure.

This method identified the

effect of each factor on daily survival rate to a particular
day.

Results

Regression analyses utilizing a quadratic model with
percent daily survival rate as the dependant variable were
performed for female and male LAB An. quadrimaculatus
(Tables 1 and 2), WILD An. quadrimaculatus
and An. crucians (Tables 5 and 6).

(Tables 3 and 4)

All treatment

combinations produced highly significant (p=0.01)
regressions.

The daily survival rate for any given day may

be calculated using the equations

daily survival rate = 100 + DAYSQ*day + DAY*day
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where DAYSQ and DAY are parameter estimates from the
appropriate table.

The intercept value indicating 100%

survivorship at day 0 never significantly (p<0.05) differed
from 100 for either sex, strain or species in any regression
and are not listed in Tables 1-6.

The r2 values obtained

were generally quite high, exceeding 0.9 in 58% of the
regressions, and exceeding 0.8 in 90% of the regressions.
For 97% of the treatment combinations either the linear
parameter DAY, the quadratic DAYSQ or both were significant
(p<0.05).

However, at several combinations neither

parameter was significant.

Examination of plots of these

data suggested that the fitting of a cubic function DAYCUB
would be appropriate.
given in Table 7.

The resultant parameter estimates are

All treatment combinations to which the

cubic was fitted demonstrated a significant (p<0.05) cubic
response.

Analysis of variance (ANOVA) was conducted for LAB and
WILD An. quadrimaculatus and An. crucians daily survival
rates at 2, 4, 6, 8, 10 and 20 days after eclosion.

The

results of Fischer's LSD (Steele & Torrie 1980) on the main
effects of temperature, photoperiod and humidity are
presented in Tables 8-13.

Seventeen degrees of freedom were

associated with the model vs. 18 in the error term for all
analyses.

The data indicated that a 100% daily survival

rate to 2 days was possible regardless of treatment
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combination.

However, after 2 days each sex, species or

strain responded uniquely.

Female LAB An. quadrimaculatus

(Table 8) survived longest at low temperature and high
humidity.

Photoperiod also directly influenced the daily

survival rate.

Male LAB An. quadrimaculatus

(Table 9)

survived longest at high temperature, but none survived to
20 days.

Female WILD An. quadrimaculatus (Table 10)

initially survived at higher percentages at medium
temperatures, but later preferred low temperatures.
High humidity increased the daily survival rate, and
photoperiod again had a direct effect.
quadrimaculatus

Male WILD An.

(Table 11) responded in a manner similar to

females, but with a less pronounced photoperiod effect.

The

main effects of temperature, photoperiod and humidity on
female An. crucians

(Table 12) was also similar to WILD An.

quadrimaculatus, but the data indicated a shorter life-span
for female An. crucians.

Finally, male An. crucians (Table

13) survived longest in high humidity and high and medium
temperatures initially with the longest-lived individuals at
low temperatures.

Photoperiod exhibited no significant

effect on daily survival.

Gonotrophic discordance was observed for both strains
of An. quadrimaculatus as well as An. crucians in all
treatment combinations.

Percent gonotrophic discordance was

not different among combinations, however, treatments
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exhibiting quicker mortality did exhibit lower rates.
Thirty-one percent of the LAB strain of An. guadrimaculatus
took multiple blood meals prior to oviposition or death,
whereas 27% gonotrophic discordance was observed in WILD
females.

Anopheles crucians demonstrated a 2 3% rate of

gonotrophic discordance.

Discussion

The data presented indicate that the daily survival
rate of LAB and WILD An. guadrimaculatus and An. crucians is
highly variable among temperature, humidity, and photoperiod
combinations.

However, responses by any given species,

strain or sex to a particular combination are consistent as
indicated by the high r2 values.
be surmised from the data.

Several generalities can

For male LAB and WILD An.

guadrimaculatus as well as An. crucians, a significant
quadratic parameter was more often present than for females.
Eighty-three percent of the equations for males were
quadratic vs. 24% of the equations for females.

In general,

males also exhibited a type I daily survival rate curve,
indicative of higher mortality occurring earlier whereas
females possessed a type II or III curve indicating constant
or prolonged daily survival rate.

Both the LAB and WILD strains of female An.
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guadrimaculatus possessed the highest daily survival rate at
low temperature, short photoperiod and high humidity.

These

conditions are similar to those found in a typical southern
Louisiana livestock barn, the overwintering habitat for this
species (Chapter 2).

Anoph&les crucians, which in southern

Louisiana overwinters as a nulliparous adult in rice stubble
(Chapter 2), did not survive for particularly long periods
at low temperatures and short photoperiods regardless of
humidity.

One possible explanation for this observation

would be that some sort of larval or pupal conditioning
period under certain environmental conditions is required
prior to adult eclosion.
is common in insects.

This type of conditioning period

Clark et al.

(1967) mentioned several

cases where a conditioning period is required prior to
diapause initiation.

Vinogradova (1960) discussed several

cases where photoperiod in one life stage induced diapause
in a later stage.

Although temperature and humidity are known to directly
influence daily survival rate, the role played by
photoperiod has received little attention.

Lyman &

Chatfield (1950) discussed the role photoperiod plays in
diapause onset and termination.

Saunders (1973), de Wilde &

de Loof (1973), Gilbert & King (1973) and Beck (1980)
discussed the role of photoperiod on insects, but made no
mention of daily survival rate being affected.

The results

indicated that photoperiod can directly influence mortality
in Anopheline mosquitoes.

Photoperiod is very predictable

in the environment, and thus it is not surprising that
individuals subjected to unusual photoperiods behave
differently than individuals exposed to the 'expected'
photoperiod.

It could

be that certain photoperiods cause

basic physiological processes to terminate, leading to
death.

Further research needs to be conducted in this area

to determine what physiological changes are occurring.

The results obtained from both the regression and
variance analyses indicated different responses for the LAB
and WILD strains of An. quadrimaculatus.

These divergent

results underscore the potential danger in utilizing only
colonized material in ecological studies.

These results

showed that many differences between colonized and field
populations often exist.

The 2 5-30% rate of gonotrophic discordance reported for
both species is of particular importance during periods of
Anopheline-borne disease transmission.

Swellengrebel &

DeBuck (1938) and Washino (1977) discussed the importance of
mosquito populations that exhibit gonotrophic discordance.
A small population exhibiting gonotrophic discordance can be
much more efficient at disease transmission than a larger,
concordant population.

82
Temperature, photoperiod and humidity play a major role
in the survival of An. quadrimaculatus and An. crucians.
These results will be useful in the construction of
ecological and disease-transmission models involving these
insects.

The use of these results could lead to more

effective ways to predict the location and status of
populations of these species and thus lead to more efficient
control methodologies.
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Table 1.

Result of regression analysis on LAB An.

quadrimaculatus females.

DAYSQ * Day*Day.

Intercepts

were not significantly (p<0.05) different from 100.
Asterisk (*) following parameter estimate indicates that the
estimate is significantly (p>0.05) different from 0.

Temp. Photo. Hum.

DAYSQ

Low

Short

High

-0.1

Low

Short

Low

LOW

Even

Low

DAY

P

RZ

-1.8

0.01

0.44

-0.2

-5.1*

0.01

0.86

High

0.1

-7.9*

0.01

0.77

Even

Low

0.2

-11.7*

0. 01

0.92

Low

Long

High

-1.3*

3.8*

0.01

0.96

Low

Long

Low

0.1

-7.5*

0. 01

0.79

Med

Short

High

0.1

-10.4*

0. 01

0.87

Med

Short

Low

0.2

-8.7*

0.01

0.73

Med

Even

High

-0.8

-6.1*

0.01

0.91

Med

Even

Low

-2.4*

-2.1

0.01

0.96

Med

Long

High

-0.1

-6.3*

0.01

0.83

Med

Long

Low

-2.4*

-5.4*

0. 01

0.93

High

Short

High

0.2

-18.8*

0.01

0.97

High

Short

Low

1.2

-29,5*

0.01

0.87

High

Even

High

-1. 1*

-2.2

0.01

0.94

High

Even

Low

-0.3

-14.5*

0.01

0.91

High

Long

High

-0.6

-7.2*

0.01

0.95

High

Long

Low

-1. 3

-14.9*

0.01

0.93
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Table 2.

Result of regression analysis on LAB An.

quadrimaculatus males.

DAYSQ * Day*Day.

Intercepts

were not significantly (p<0.05) different from 100.
Asterisk {*) following parameter estimate indicates that the
estimate is significantly (p>0.05) different from 0.

Temp. Photo. Hum.

DAYSQ

DAY

P

R2

Low

Short

High

0.3*

-11.5*

0.01

0.53

Low

Short

Low

1.0*

-22.2

0.01

0.91

Low

Even

High

0.7*

-17.5*

0. 01

0.88

Low

Even

Low

1.1*

-22.3*

0. 01

0.96

Low

Long

High

-4.1

0.01

0.88

Low

Long

Low

0.5*

-14.7*

0.01

0.91

Med

Short

High

1.7*

-28.7*

0.01

0.93

Med

Short

Low

0.1

-8.8*

0. 01

0.57

Med

Even

High

1.0

-23.2*

0. 01

0.86

Med

Even

Low

0.6

-23.1*

0. 01

0.94

Med

Long

High

1.0*

-22.6*

0. 01

0.88

Med

Long

Low

5.2*

-49.4*

0. 01

0.86

High

Short

High

4.6*

-44.7*

0.01

0.96

High

Short

Low

4.3

-41.8*

0.01

0.81

High

Even

High

2 .1*

-31.7*

0.01

0.92

High

Even

Low

2.9

-33.9*

0.01

0.77

High

Long

High

1.1

-22.0*

0.01

0.80

High

Long

Low

5.5*

-48.8*

0.01

0.95

-1.0*
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Table 3.

Result of regression analysis on WILD An.

guadrimaculatus females.

DAYSQ * Day*Day.

Intercepts

were not significantly (p<0.05) different from 100.
Asterisk (*) following parameter estimate indicates that the
estimate is significantly (p>0.05) different from 0.

Temp. Photo. Hum.

DAYSQ

DAY

P

R2

-3.7*

0.01

0.43

-28.8*

0.01

0.88

2.9*

0.01

0.82

-22.3*

0.01

0.90

0.01

0.84

Low

Short

High

0.1*

Low

Short

Low

2.1

Low

Even

High

-0.3*

Low

Even

Low

0.9

Low

Long

High

-0.6*

Low

Long

Low

-0.1

-19.3*

0.01

0.90

Med

Short

High

-0.3

-8.2*

0.01

0.89

Med

Short

Low

-0.2

-14.6*

0.01

0.95

Med

Even

High

-0.4*

-2.8

0.01

0.94

Med

Even

Low

-0.3

-8.2*

0.01

0.89

Med

Long

High

-0.6*

1.2

0.01

0.95

Med

Long

Low

-0.6

-10.7*

0.01

0.93

High

Short

High

-0.1

-8.0*

0.01

0.95

High

Short

Low

1.4

-27.9*

0.01

0.90

High

Even

High

-0.2

-7.8

0. 01

0.90

High

Even

Low

-5.0*

-1.4

0.01

0.80

High

Long

High

-0.8

-6.6

0.01

0.90

High

Long

Low

-0.5*

-7.0*

0.01

0.97

0.3

Table 4.

Result of regression analysis on WILD An.

quadrimaculatus males.

DAYSQ - Day*Day.

Intercepts

were not significantly (p<0.05) different from 100.
Asterisk (*) following parameter estimate indicates that the
estimate is significantly (p>0.05) different from 0.

Temp. Photo. Hum.

DAYSQ

DAY

P

RZ

Low

Short

High

0.1*

-4.6

0.01

0. 80

Low

Short

Low

3.4*

-37.6*

0.01

0.92

Low

Even

High

0.5*

-15.0*

0.01

0.79

Low

Even

Low

2.9*

-35.2*

0.01

0.91

Low

Long

High

0.9*

-20.4*

0.01

0.94

Low

Long

Low

5.4*

-47.3*

0.01

0.98

Med

Short

High

1.3*

-23.9*

0.01

0.92

Med

Short

Low

3.2*

-36.4*

0.01

0.93

Med

Even

High

1.1*

-23.0*

0.01

0.91

Med

Even

Low

1.3*

-23.4*

0. 01

0.93

Med

Long

High

1.0*

-22.1*

0. 01

0.87

Med

Long

Low

1.7*

-28.7*

0.01

0.91

High

Short

High

1.2*

-23.9*

0.01

0.90

High

Short

Low

4 .1*

-42.7*

0.01

0.89

High

Even

High

1.4*

-2 5.7*

0.01

0.94

High

Even

Low

-9.6*

18.3

0.01

0.74

High

Long

High

-0.4

-15.9*

0.01

0.82

High

Long

Low

-31.8*

0.01

0.83

2.3*

Table 5.

Result of regression analysis on An. crucians

females.

DAYSQ * Day*Day.

Intercepts were not

significantly (p<o.05) different from 100.

Asterisk (*)

following parameter estimate indicates that the estimate
significantly (p>0.05) different from 0.

Temp. Photo. Hum.

DAYSQ

DAY

P

R2

-0.1

-8 .3*

0.01

0.97

Low

1.7

-26.6*

0.01

0.89

Even

High

0.1

-9.2*

0.01

0.81

Low

Even

Low

1.0

-22.3*

0.01

0.91

Low

Long

High

-0.1

-15.4*

0.01

0.90

LOW

Long

Low

0.6

-20.9*

0.01

0.92

Med

Short

High

-0.1

-8.3*

0.01

0.97

Med

Short

Low

-0.3

-12.8*

0.01

0.96

Med

Even

High

-0.3*

-4.2*

0.01

0.97

Med

Even

Low

-0.1

-5.1*

0. 01

0.89

Med

Long

High

-0.2*

-4.1*

0.01

0.93

Med

Long

Low

-0.1

-13.1*

0.01

0.93

High

Short

High

-0.1

-8.3*

0.01

0.95

High

Short

Low

1.0

-23.1*

0.01

0.97

High

Even

High

-0.4*

-12 .3*

0.01

0.86

High

Even

Low

1. 0

-28.7*

0.01

0.91

High

Long

High

-0.5

-8.7*

0.01

0. 95

High

Long

Low

0.6

-20.9*

0.01

0.92

Low

Short

High

Low

Short

Low
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Table 6.
males.

Result of regression analysis on An. crucians
DAYSQ - Day*Day.

Intercepts were not significantly

(p<0.05) different from 100.

Asterisk (*) following

parameter estimate indicates that the estimate is
significantly (p>0.05) different from 0.

Temp. Photo. Hum.

DAYSQ

DAY

P

R2

Low

Short

High

1.4*

-24.7*

0.01

0.95

Low

Short

Low

3.5*

-38.0*

0.01

0. 89

Low

Even

High

0.9*

-17.4*

0.01

0. 78

Low

Even

Low

2.9*

-35.8*

0.01

0.93

Low

Long

High

4 .3*

-42.0*

0.01

0.97

Low

Long

Low

5.1*

-46.2*

0.01

0.99

Med

Short

High

1.8*

-28.7*

0.01

0.95

Med

Short

Low

3.3*

-37.1*

0.01

0.96

Med

Even

High

0.9*

-18.4*

0.01

0.71

Med

Even

Low

1.1*

-31.1*

0.01

0.76

Med

Long

High

0.4*

-11. 1

0.01

0. 88

Med

Long

Low

1.7*

-22 .4*

0,01

0.72

High

Short

High

-8.3*

0.01

0.95

High

Short

Low

3 .6*

-39.2*

0.01

0.95

High

Even

High

2. 1*

-22.9*

0.01

0.87

High

Even

Low

7.2

-56.4*

0.01

0. 94

High

Long

High

2.8*

-34.4*

0. 01

0.93

High

Long

LOW

5.0*

-45.8*

0. 01

0.98

-0.1
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Table 7.

Result of cubic regression analyses on LAB and

HILO An. quadrimaculatus.
DAYSQ*DAY.

DAYSQ - Day*Day, DAYCUB-

Intercepts were not significantly (p<0.05)

different from 100.

Asterisk (*) following parameter

estimate indicates that the estimate is significantly
(p>0.05) different from 0.

Females, LAB strain.
Temp.

Photo. Hum.

Low

Short

DAYCUB

DAYSQ

DAY

0.1*

-1.9*

-1.2

0.01

0.97

P

R2

High

P

R2

Females, WILD strain.
Temp. Photo. Hum.

DAYCUB

DAYSQ

DAY

High

Even

Low

0.9*

-6.5*

-9.5

0.01

0.95

High

Long

High

0.4*

-5.8*

10.3

0.01

0.93
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Table 8.

Mean daily survival rate of female LAB An.

quadrimaculatus at 2, 4, 6, 8, 10 and 20 days post treatment
at various temperatures, photoperiods and humidities.
Asterisk (*) indicates a significant (p<0.05) ANOVA.

Means

followed by the same letter are not significantly (p-0.05)
different (Fischer's LSD).
2 davs

M S E=1.0

Temperature

FhQtgpsriod

Humidity

High 100.0 A

Long

100.0 A

High 100.0 A

Med.

100.0 A

Even

100.0 A

Low

Low

100.0 A

Short 100.0 A

100.0 A

4 davs MSE=38.6 *

Temperature

Ffrgtoperipd

Humidity

Low

95,9 A

Even

93.8 A

High 91.7 A

Med. 92.8 A

Long

90.5 A

Low

High 77.7 B

Short 82.0 B

85.9 B

6 davs MSE=210.9 *

Temperature

Ebstgpfiriad

Humidity

Low

80.0 A

Even

67.1 A

High 72.8 A

Med. 61.7 B

Long

61.8 A

LOW

High 42.1 C

Short 54.8 A

49.7 B

8 days MSE=352.9 *
Temperature

Ehptgparigd

Humidity

Low

Short 4 0.4 A

High 47.3 A

M e d . 3 5.7 B

Even

37.0 A

Low

High 13.9 C

Long

36.8 A

64.6 A

28.8 B
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Table 8, continued
10 davs MSE=3 67.6 *
Temperature

Photoperiod

Humidity

LOW

Short 31.0 A

High 25.8 A

Med. 18.5 B

Long

21.6 AB

Low

High

Even

8.8 B

44.8 A

1.1 C

17.2 A

20 davs MSE=321.1 *
Temperature

Photoperiod

Humidity

LOW

Short 24.1 A

High 13.3 A
Low

30.5 A

Med.

8.3 B

Long

10.0 AB

High

0.0 B

Even

4.7 B

12.4 A
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Table 9.

Mean daily survival rate of male LAB An.

quadrlmaculatus at 2, 4, 6, 8, 10 and 20 days post treatment
at various temperatures, photoperiods and humidities.
Asterisk (*) indicates a significant (p<0.05) ANOVA.

Means

followed by the same letter are not significantly (p-0.05)
different (Fischer’s LSD).
2 davs MSE-1.0
Temperature

Photoperiod

Humidity

High 100.0 A

Long

loo.o A

High 100.0 A

Med. 100.0 A

Even

100.0 A

Low

Low

short

loo.o

100.0 A

100.0 A

A

4 davs MSE=344.7 *
Temperature

Photoperiod

Humidity

High 44.3 A

Long

30.0 A

High 74.2 A

Med. 19.8 B

Even

18.9 A

LOW

Low

Short 14.9 A

3.7

C

56.7 B

6 davs MSE-367.5 *
Temperature

Photoperiod

Humidity

High 31.0 A

Long

High 32.7 A

Med.

5.7 B

Short

8.0 A

LOW

0.0 C

Even

5.5 A

26.6 A

Low

25.1 A

8 davs MSE*=403 .3
Temperature

PhotoperiQd

Humidity

High 20.5 A

Even

1.8 A

LOW

Med. 4.1

A

Long

0.0 A

High

Low

A

Short 0.0 A

0.0

10.8 A
9.6 A
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Table 9, continued
10 davs MSE-270.9
Temperature

Photoperiod

Humidity

High 1.2 A

Long

0.6 A

Low

Med. 0.0 A

Even

0.0 A

High 4.3 A

Low

Short 0.0 A

0.0 A

5.1 A

2 0 davs MSE=103.6
Temperature

Photoperlod

Humiditv

High 0.0 A

Long

0.0 A

High 0.0 A

M e d . 0.0 A

Even

0.0 A

Low

LOW

Short 0.0 A

0.0 A

0.0 A

Table 10.

Mean daily survival rate of female WILD An.

qvadrimaculatus at 2, 4, 6, 8, 10 and 20 days post treatment
at various temperatures, photoperiods and humidities.
Asterisk (*) indicates a significant (p<0.05) ANOVA.

Means

followed by the same letter are not s ignificantly (p*0 .0!
different (Fischer's LSD) .
2 davs MSE=1.0
Temoerature

Photoperiod

High 100.0 A

Long

100.0 A

High

loo.o

Even 100.0 A

Even

100. 0 A

Low

100.0 A

Low

Short 100. 0 A

100.0 A

Humiditv
A

4 davs MSE=74.3 *
Temoerature

PhotoDeriod

Humiditv

Med.

93.2 A

Long

94.8 A

High

97.4 A

High

87.9 AB

Even

93.2 A

Low

80.2 B

Low

8 5.4 B

Short

78.6 B

6 davs MSE=110.0 *
Temoerature

PhotoDeriod

Humiditv

Med.

76.3 A

Even

65.6 A

High

63.8 A

Low

57.9 B

Long

62.2 AB

Low

37.4 B

High

47.7 C

Short

54. 1 B

8 davs MSE=171.8 *
Temoerature

Photooeriod

Humiditv

Med. 47.3 A

Even

46.1 A

High

67.8 A

Low

Long

42.7 A

LOW

11.6 B

Short

30.4 B

4 3.8 A

High 28.2 B
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Table 10, continued
10 davs MSE-168.1
Temperature

Photoperiod

Humiditv

Low

31.7 A

Even

32*7 A

High 42.6 A

Hed. 25.4 A

Long

26.8 A

Low

Long 13.2 A

Short 10.8 A

4.2 A

20 daYS MSE*104.16
Temperature

Photoperiod

Humiditv

Low

Even

18.3 A

High 28.3 A

Med. 12.9 A

Low

17.5 A

Low

High

Short

27.5 A

2.1 A

6.7 A

0.0 A
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Table 11.

Mean daily survival rate of male WILD An.

guadrimaculatus at 2, 4, 6, 8, 10 and 20 days post treatment
at various temperatures, photoperiods and humidities.
Asterisk (*) indicates a significant (p<0.05) ANOVA.

Means

followed by the same letter are not significantly (p=0.05)
different (Fischer's LSD) .
2 davs M S E=1.0
Temperature

PhotoDeriod

High 100.0 A

Long

loo.o A

High 100.0 A

Med. 100.0 A

Even

100.0 A

LOW

LOW

Short 100.0 A

100.0 A

Humidity

100.0 A

4 davs MSE=270.2 *

Temperature

PhotoDeriod

Humiditv

Med. 74.2 A

Even

83.1 A

High

84.2 A

High 71.8 A

Long

70.8 AB

Low

57.6 B

LOW

Short

58.8 B

66.7 A

6 davs MSE=490.3 *

Temperature

PhotoDeriod

Humiditv

Med. 3 6.3 A

Even

31.7 A

High 46.1 A

Low

Low

27.1 A

Low

2 5.8 A

High 17.9 A

7.2 A

Short 21.3 A

8 davs MSE=314.6
Temoerature

Fhoteperiod

Humidity

Low

Long

High 12.5 A

13.3 A

6.7 A

High

5.4 A

Short 6.3 A

Med.

0.0 A

Even

5.8 A

Low

0.0 A
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Table 11. continued
10 davs MSE**2 5 .0

Temperature

Photoperiod

Humidity

Low

2.5 A

Short 2.5 A

High 1.7 A

High

0.0 A

Long

0.0 A

Low

Med.

0.0 A

Even

0.0 A

0.0 A

20 davs M SE=2.8
Temperature

Phgtoperlofl

Humiditv

Low

0.8 A

Short 0.8 A

High 0.6 A

High

0.0 A

Long

0.0 A

LOW

Med.

0.0 A

Even

0.0 A

0.0 A
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Table 12.

Mean daily survival rate of female An. crucians

at 2, 4, 6, 8, 10 and 20 days post treatment at various
temperatures, photoperiods and humidities. Asterisk (*)
indicates a significant (p<0.05) ANOVA.

Means followed 1

the same letter are not significantly (p=0 .05) different
(Fischer’s LSD).
2 davs MSE^l.0
Temoerature

PhotoDeriod

Humiditv

High 100.0 A

Long

100.0 A

High loo.o A

Med.

100.0 A

Even

100.0 A

Low

Low

100.0 A

Short 100.0 A

100.0 A

4 davs MSE=68.7 *
Temoerature

Photooeriod

Humiditv

Med. 88.8 A

Long

87.1 A

High 92.5 A

Low

Even

79.4 B

Low

84.4 A

High 69.7 B

69 .4 B

Short 76.4 B

6 davs MSE=255.9 *
Temoerature

Photooeriod

Humiditv

Med. 67.1 A

Long

59.6 A

High 77.2 A

Low

Even

55.0 A

Low

57.4 A

High 42.9 B

34.4 B

Short 52.8 A

8 davs MSE=119.9 *
Temoerature

PhotoDeriod

Humidity

Med. 42.5 A

Even

3 5.9 A

High 53.2 A

Low

Long

31.3 A

Low

31.1 B

High 21.7 C

Short 28.1 A

10.3 B
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Table 12, continued
10 davs MSE-108.8 *
Temperature

Photoperiod

Humiditv

Low

2 3.5 A

Even

18.8 A

High 29.6 A

Med. 13.8 B

Long

14.2 A

Low

High

Short 12.6 A

8.3 B

0.8 B

2 0 days MSE=34.8 *
Temperature

Photooeriod

Humidity

Med.

5.8 A

Even

High

8.8 A

LOW

5.3 A

Short 6.6 A

Low

0.0 B

High

2.1 A

Long

6.7 A

0.0 B
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Table 13.

Mean daily survival rate of male An. crucians at

2, 4, 6, 6, 10 and 20 days post treatment at various
temperatures, photoperiods and humidities. Asterisk (*)
indicated a significant (p<0.05) ANOVA.

Means followed by

the same letter are not significantly (p=0.05) different
(Fischer's LSD) •
2 davs MSE=1.0
Temperature

Photoperiod

High 100.0 A

Long

100.0 A

High 100.0 ,

Med. 100.0 A

Even

100.0 A

Low

Low

Short 100.0 A

100.0 A

Humiditv

100.0 j

4 days MSE=492. 0 *
Humiditv

Temperature

Photooeriod

Med. 63.6 A

Short

58.4 A

High 60.8 A

Low

Even

50. 5 A

Low

Long

46.7 A

53.5 AB

High 38.5 B

42.9 B

6 davs MSE=400. 0 *
Temperature

Photooeriod

Med. 30.0 A

Short

20. 8 A

High 22.8 A

Low

Long

18. 3 A

LOW

Even

16. 7 A

15.0 AB

High 10.8 B

Humiditv

14.4 A

8 davs MSE=521. 5
Temperature

PhotoDeriod

High

9.5 A

Short

Low

7.9 A

Even

6.3 A

Med.

7.9 A

Long

2 .1 A

17 .1 A

Humiditv
Low

9.7 A

High 7.2 A

Table 13, continued
10 dava MSE-3.47
Temperature

Photoperiod

Humiditv

Low

0.8 A

Short

0.8 A

High

0.6

Med.

0.4 A

Even

0.4 A

Low

0.3

High

0.0 A

Long

0.0 A

20 davs MSE=2.8
Temperature

Photoperiod

Humiditv

Low

0.8 A

Short

0.8 A

High 0.6

High

0.0 A

Long

0.0 A

Low

Med.

0.0 A

Even

0.0 A

0.0

Appendix

The raw data collected for chapter 2 is available at
the LSU Department of Entomology.
forms are available.
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